The b-axis oriented orthorhombic YMnO 3 (o-YMnO 3 ) epitaxial films on a YAlO 3 (010) substrate were fabricated with pulsed-laser deposition. The anisotropic orbital occupation and Jahn-Teller (JT) distortion of an o-YMnO 3 film were investigated with polarization-dependent x-ray absorption spectra and configuration-interaction multiplet-cluster calculations. A significant energy difference, ~3.8 eV, for the main white line along E//b and E//a in polarizationdependent Mn K-edge spectra of o-YMnO 3 indicates an extraordinary JT distortion and significant anisotropic Mn-O bonding within the ab plane in the o-YMnO 3 film. Most importantly, although the orbital occupation of 3d electrons in o-YMnO 3 films is almost the same as that in single crystalline o-DyMnO 3 , the JT distortion of o-YMnO 3 films is larger than that of single crystalline o-DyMnO 3 , deduced from the multiplet calculations. These complementary results provide insight into the origin of the E-type magnetic configuration of o-YMnO 3 .
Introduction
Orthorhombic rare-earth manganites RMnO 3 (oRMnO 3 , R = rare-earth element) with a perovskite structure show abundant magnetic structures which depend on the ionic radius (r R ) of R. An A-type antiferromagnetic (AF) phase is stable for R = La-Gd; the corresponding Neel temperature (T N ) decreases gradually from La to Gd, whereas for o-RMnO 3 perovskites with R = Y, Ho-Lu, an E-type antiferromagnetic structure is favored. 1, 2 In contrast, for R = Tb and Dy, o-RMnO 3 perovskites show a spiral spin ordering and a spontaneous electric polarization below T N . 3 Experimental evidence of the enhanced JT distortion induced by magnetic ordering in a LaMnO 3 /SrMnO 3 superlattice grown on SrTiO 3 (001) has also been reported, indicating a strong correlation between JT distortion and spin ordering. 10 Thus, quantitative information about the strength of the JT distortion in o-RMnO 3 is an indispensable ingredient for a comprehensive understanding of the corresponding physical properties and magnetic structures in o-RMnO 3 .
With decreasing ionic radius r R of R, the rotation of the GdFeO 3 -type octahedral tilting and the JT distortion of the MnO 6 octahedra increase to adjust the lattice distortion. 1, 8, 11 o-RMnO 3 for smaller ionic radius r R (R = Y, Ho-Lu) becomes, however, metastable at ambient pressure, and can be stabilised only on synthesis at high pressure, using appropriate substrates to fabricate a thin film, or other special methods.
12-14 A comprehensive understanding of the intrinsic characteristics of o-RMnO 3 with rare-earth ions of smaller radius is, accordingly, still lacking. Our work focused on an investigation of the anisotropic orbital occupation and quantitative information about the strength of the JT distortion of a bulk-like o-YMnO 3 epitaxial film grown on YAlO 3 (010)
substrates from polarization-dependent x-ray absorption spectroscopy (XAS) and configuration-interaction multiplet-cluster calculations.
Experiment
The o-YMnO 3 films were prepared with pulsed-laser deposition under oxygen at pressure 10 mTorr; the YAlO 3 (010) substrate was heated at 890 °C during deposition. Polarization-dependent XAS spectra at the Mn K-edge and L 2,3 -edge of the o-YMnO 3 film were recorded at beamlines BL17C1 and BL08B1 of NSRRC, respectively. The Mn K-edge and Mn L 2,3 -edge XAS spectra were measured in the total-fluorescence-yield and total-electron-yield modes, respectively. Figure 1a shows polarization-dependent Mn K-edge xray absorption spectra of an o-YMnO 3 film along three crystallographic orientations parallel to the a-, b-and caxes. A significant variation in the spectral shape and energy of the main line is observed among these polarizations, especially for E//b compared with E//a and E//c, indicating a strong JT distortion and orbital ordering of the MnO 6 octahedra in o-YMnO 3 , similar to the results of o-TbMnO 3 .
Results and Discussion
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The energy difference, ~3.8 eV, of the maximum of the white line for o-YMnO 3 between E//a and E//b spectra is larger than that in o-DyMnO 3 , ~2.4 eV, 18 as shown in the inset of Fig. 1a indicating that the JT distortion of oYMnO 3 is significantly larger than that of o-DyMnO 3 . We simulated polarized Mn K-edge XAS spectra of oYMnO 3 using the FDMNES code 19 with a cluster radius R = 7 Å and the result is shown in Fig. 1b To obtain quantitative information about the strength of the JT distortion, we combined experimental and theoretical work on the polarization-dependent Mn-L 2,3 XAS spectra. The theoretical simulation was performed with configuration-interaction multiplet calculations on a MnO 6 cluster, including the full atomic multiplet theory and the local effects of the solid.
21,22 Figure 2 shows the polarization-dependent experimental and simulated Mn L 2,3 x-ray absorption spectra of an o-YMnO 3 film for three polarizations: E//a, E//b, and E//c and a comparison of the experimental linear dichroism (LD) spectra, (E//c)-(E//a), (E//b)-(E//c), and (E//b)-(E//a), with the calculated LD spectra. In Fig. 2 , a strong polarization dependence is observed along three crystallographic orientations parallel to the a-, b-and c-axes, in contrast with previous results on o-RMnO 3 films (R = La, Dy) that showed rarely polarization dependence. 24 The fitted values and the orbital occupation numbers of o-YMnO 3 deduced from the simulation results are compared with those of oDyMnO 3 25 in Tables I and II, respectively. As noted in Table I , the e g orbital splitting, Δe g = 0.9 eV, for Mn 3+ in o-YMnO 3 is slightly larger than that, 0.7 eV, in o-DyMnO 3 and much larger than that, 0. 
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